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49.    In many of the applications of analytical geometry to physical problems it is found advantageous to make the coordinate axes moveable, so that they may always be in the most convenient position.    Thus if a point travel along the strained rod and successively occupy the positions P, P', P", &c., the axes  change their directions in space.    To specify the motion of these axes we may either use a •second system of axes fixed in space or we may refer the motion   to the moving axes  themselves   in  the manner above  described.     The  first  method  requires the use of the formulae of transformation of axes which are often complicated, in the second we avoid the introduction of a second system of axes.     Moving axes are of great importance in Dynamics and are also of much use in   discussing the geometrical properties of curves and surfaces.   For these applications the reader is referred to the second volume of the Author's Treatise on Rigid Dynamics.
50.    Ex. 1.   A straight line is marked on the surface of  a thin unstrained cylindrical rod, parallel to the central line.   If the rod is bent along any curve on a spherical surface so that the marked line is laid in contact witli the spherical surface, show that the twist is zero.
If the rod is laid on a cylindrical surface so that the marked line is in contact with the cylinder, show that the twist is sin a cos a/a, where a is ttie radius of the cylinder and a is the angle the rod makes with the axis of the cylinder. Both these results are given by Thomson and Tait, Art. 126.
If P, P' be two consecutive points on the central line, the transverses PK, P'K' are normals to the surface. The first result follows, because the transverses pass through the centre of the sphere, so that the angle between trie planes A'PP', PP'K' is zero. Since the radius of curvature at any point of a helix lies on the normal to the cylinder on which the helix is drawn, the second result follows from the ordinary expression for the radius of geometrical torsion.
Ex. 2. A straight thin rod has a straight line marked along one side. If the rod is bent and laid on a surface so that this line lies in contact with a geodesic, show that the twist at any point P is A sin B cos 6, where A is the difference of the curvatures of the principal sections of the surface at P and B is tlae angle the rod makes with either line of curvature.
51. Relations of stress to strain. Let P be any point on the central line; the mutual action of the parts of the rod on each side of the normal section at P can be reduced to a, force and a couple with any convenient point of that section as base.
Let three rectangular axes be taken at the point P to which we may refer the strains and stresses in the neighbouring portion of the rod. Let K, L, T be the components of the stress couple about these axes. If the unstrained rod is straight, let /c, X, r be the resolved parts of the curvature and twist about the axes ; if the unstrained rod is itself curved, then K, \ T represent the changes in the curvature and twist produced by the external forces.
We shall now assume the two following principles * :—
(1)  that the changes in the twist and curvature of the rod in
*i B •
See Thomson and Tait, 1888, Art. 591.

